Radiolysis, C -C Bond Cleavage, 1,2-Diarylethane, Aluminium Hydride Reagent, Transient Spectroscopy l,2-Di(9-anthryl)ethane (1,2-DAE) was used as a model for coal to study the C -C bond cleavage of the ethano linkage in the radiolysis of solutions containing NaAlH2(OCH2CH2OCH3)2 [NaAlH2(OR)2]. Transient species were investigated by pulse radiolysis of solutions of 1,2-DAE in THF, DME and toluene in the absence and the presence of NaAlH2(OR)2. In the presence of NaAlH2(OR)2 stabilized, long-lived radical anion/so dium cation pairs of 1,2-DAE were generated even in the non-polar solvent toluene. The reaction mechanisms differ substantially for solutions in the ether solvents (THF or DME) and for solutions in toluene. Steady-state radiolysis (60Co y-rays) of solutions of 1,2-DAE in toluene containing NaAlH2(OR)2 resulted in the C -C bond cleavage of the ethano linkage. This is attributed to the unstable dianion (1,2-DAE2 -, 2 Na+) formed in two successive radi ation-induced reductions via (1,2-DAE' , Na+). The resulting (9-anthryl)methyl carbanionic fragments Ci4H9CH2~, Na+ react with A lH(OR)2 generated in the process, to form the aluminate salts [C14H9CH2AlH (O R)2_, Na+]. From the aluminate salts, 9-methylanthracene (9-MA) was obtained by hydrolysis in yields up to 65 wt.%.
Introduction
Bituminous coal consists mainly of organic material which has been formed from plant debris over a period of several hundred million years. The major part of the coal represents a macromolecular network in which aromatic, hydroaromatic and heteroarom atic structural units of, on the average, three (e.g. anthracene, phenanthrene) to five rings are crosslinked by short ali phatic chains and ether bonds [3, 4] . Hence any use of coal as a chemical feedstock requires extensive cleavage of C -C bonds. The possibility of using gamma radiation for the degradation of the macromolecular coal has been recognized, and it has been found that the extractability by sol vents increases and then decreases to some extent with increasing irradiation dose, when the solid coal was exposed to prolonged 60Co y-radiation [5] . The effects have been explained with the inter play of degradation and crosslinking reactions, the form er predominating at lower dose. On the other hand, it is well-known that radiolysis (electrons, gamma or Röntgen radiation) of polar organic sol vents (SH) such as tetrahydrofuran (THF) or dim ethoxyethane (DM E) generates solvated elec trons es~ and "gem inates" (S H +, e~) which in turn both can react with a dissolved aromatic substrate forming radical anions [6] , Radical anions are also interm ediates in the reductive C -C bond cleavage of 1,2-diarylethanes. These are cleaved with alkali metals in ether solvents at their ethano link form ing two arylmethyl carbanionic fragments [7] [8] [9] [10] [11] . In the reductive alkylation of bituminous coal pro m oted by alkali metals, such a cleavage of benzylic C -C bonds in 1,2-diarylethane structures is a m ajor reaction path, so that specific bituminous coals can be degraded and converted into highly soluble products [12, 13] . This was the background which prom pted us several years ago to start a systematic investigation on the possibilities for a radiation-induced C -C bond cleavage in 1,2-diarylethanes as model compounds of coal [1, 2, 14, 15] . While the two previous parts of this series of papers have dealt with the pulse radiolysis and steady-state radiolysis of l,2-di(l-naphthyl)ethane (1,2-DNE) [1] and l,2-di(pyren-l-yl)ethane (1,2-D PE) [2] in various organic solvents in the ab sence and the presence of alkali metal aluminium hydride reagents, the present paper describes our studies using l,2-di(9-anthryl)ethane (1,2-DAE).
Experim ental

Preparation of the solutions
Tetrahydrofuran (THF) and dimethoxyethane (D M E) were distilled from lithium tetrahydridoaluminate under an argon atmosphere prior to use. Similarly, toluene was distilled from sodium po tassium alloy. Sodium dihydrido-bis(2-methoxyethoxy)aluminate [NaAlH2(0 CH2CH 2 0 CH 3 )2, referred to as N aA lH 2(O R )2] in 70% solution in toluene (Fluka) was used as obtained. For prepar ing its solutions in TH F of DME, the toluene was removed by distillation in a vacuum. 9-Methylanthracene (9-MA, Aldrich) was dried in a vacuum and stored under argon.
1,2-Di(9-anthryl)ethane (1,2-DAE) was pre pared from 9-anthraldehyde (Fluka) by reduction with lithium tetrahydridoaluminate in TH F [16] . The greenish-yellow raw material obtained with 77% yield was twice recrystallized from toluene to yield light yellow needles (49%) with m.p. 324 °C (ref. [16] 
Irradiation techniques
Pulse radiolysis experiments were carried out on a 3 MeV Van de G raaff accelerator (type K, High Voltage Engineering Co.. Burlington, provid ing pulse lengths: 0 .2 -4 ms) with an optical detec tion system (XBO Osram 450 W Xe-lamp, Zeiss MM/2 double monochrom ator, Hamamatsu R 955 photom ultiplier) [17] . It was equipped for fully autom atic registration of interm ediates by use of a transient recorder (Tektronix 7612 D, formerly Biomation 8100) interfaced to minicomputers (Digital Equipm ent Corp.), which were used for processing, analysis and storage of the experimen tal data. For dosimetry, N20 saturated 10~2 mol d m -3 solutions of KSCN were irradiated and the optical density was m onitored at 480 nm [G(SCN)2-= 6.12*; at 480 nm e (SCN)2~ = 7580 dm3 m ol-1 cm " 1] [18] , The absorbed dose** was corrected for the difference of density be tween dosim eter and solvent used.
The pulse radiolysis experiments were per formed using air-and moisture-free solutions un der an argon atm osphere at various concentrations of the substrate 1,2-DAE and NaAlH2(O R )2. Each m easured point of the transient absorption spectra shown represents a mean value from at least 5 individual determinations. The optical densities (OD/cm) were normalized to an ab sorbed dose of 10 Gy (1 krad). For steady-state ir radiation, a 10 kCi panoram a 60Co-y-source (Nu clear Engineering Ltd.) was used. The absorbed dose at each desired irradiation position was de term ined by using an aqueous solution of ferrous and cupric sulfate (ferrous-cupric dosimeter) as well as an aqueous solution of ferrous sulfate satu rated with oxygen (Fricke dosim eter) [19, 20] . The dose rate was 4.0 to 16.7 kGy h -1.
Spectroscopic and chemical analysis
In order to obtain information on the existence of long-lived transients, a series of air-free toluene solutions of 9-MA and 1,2-DAE in the presence of excess N aA lH 2(O R )2 were y-irradiated in suprasil G-value = number of molecules produced per 100 eV absorbed energy: to convert into SI-units (//mol J"1) multiply G-value by 0.10364: 100 rad = 1 Gy = 6 .2 4 x l0 15 eV g "1.
quartz cells with 1 cm light path. The UV/VIS ab sorption spectra of the unirradiated and irradiated samples at various doses were com pared (PerkinElm er UV/VIS spectrom eter 554).
To aliquots of toluene solutions of 1,2-DAE, which had been irradiated in the presence of ex cess N aA lH2(O R )2 under steady-state conditions, certain quantities of «-butanol were added to protonate carbanionic species formed and to decom pose the excess of alkali metal aluminium hydrides. Subsequently, after a solution of «-tetradecane and fl-docosane in toluene had been added as standards for GC-analysis, the mixtures were hy drolyzed with aqueous hydrochloric acid and ex tracted three times with 3 ml quantities of toluene. After drying over anhydrous sodium sulphate, the toluene extracts were analyzed for 1,2-DAE and 9-MA by GC (Varian 3700, 20 m PS-428 FS capil lary column, 100-300 °C with 8 °/min, on-column technique). 
Results and Discussion
Pulse radiolysis
1.2-DAE in THF, DME and Toluene
Air-free solutions of 10~3 to 5 x l 0 _4mol dm -3 1.2-di(9-anthryl)ethane (1,2-DAE) in THF, DM E, or toluene were used for the pulse radiolysis stud ies. Several series of experiments dem onstrated that the transient absorption spectra do not differ essentially in TH F and DME. For this reason only the transient spectra observed in DM E (A) and toluene (B) are presented in Fig. 1 . Spectrum (A) shows absorption maxima at 425, 610, 670 (shoulder) and 715 nm. The different kinetic traces observed for the transient spectrum (A) at 430 and 720 nm (Fig. 1 , inserts) reveal that at least two species must be involved. By comparison with spectra reported for the radical anions of anthra cene and 9-methylanthracene [21] , the broad ab sorption band between 550 and 800 nm with the maximum at 715 nm has to be attributed exclus ively to the radical anion 1,2-DAE'". The absorp tion at 430 nm, however, arises from the super position of at least two, possibly also three species: a) the hydrogen adduct 1,2-DAE(H)' formed by protonation of the radical anion 1,2-DAE'-through the protonated solvent cation SH (H +) [re action (5) , below], b) the radical anion 1,2-DAE'_, and c) possibly to some extent also the excited triplet state molecule 3( 1,2-DAE). In our previous pulse radiolysis studies performed with solutions of 1,2-DNE and 1,2-DPE in THF and DM E, all these corresponding transients of both the aro matic substrates have also been observed [1, 2] , W hen toluene is used as the solvent [ Fig. 1 , spec trum (B)], a strong absorption maximum appears at 435 nm together with a weaker one at 405 nm, but the spectrum shows almost no absorption be tween 550 and 800 nm, the absorption range of 1,2-D A E -. The comparison with literature data of the T -T absorption of anthracene [22] allows the assignment of the absorptions at 405 and 435 nm to 3( 1,2-DAE) which is the only prevailing species formed in toluene. As indicated by the kinetic traces, the transients 3( 1,2-DAE) formed in tolu ene have a longer lifetime than the short-lived rad ical anions formed predominantly in DME and TH F [compare insert (B) at 430 nm with insert (A) at 720 nm in Fig. 1 ].
The formation of the transients observed in the radiolysis of solutions of aromatic substrates such as 1,2-DAE in organic solvents SH can be rational ized by the major reactions (1) to (12) which had been proposed previously [1, 2, 23] : 
S' + H (lb) [SH'+, e ] (geminates) (lc) SH'+ + es~ (solvated electrons) (Id) SH + + SH -SH(H+) + S-
1.2-DAE + es--1,2-D A E-
1.2-DAE + [SH'+, e"] -» 1,2-D A E-+ SH'+ (4)
1.2-D A E-+ SH(H+) 1,2-DAE(H)' + SH (H-adduct)
On radiolysis of the more polar ether solvents TH F and DM E (SH = THF, DM E), the ioniza tion reactions (lc) and (Id) prevail over the gener ation of the solvent excited-state molecules in re action (la), such that predominantly "gem inates" (SH'+, e~) and solvated electrons es~ are formed*. These in turn convert aromatic substrate via the consecutive reactions (2) to (5) to radical anions 1,2-DAE'-and hydrogen adducts 1,2-DAE(H)', the major transients observed in THF and DM E [spectrum (A) in Fig. 1 ]. However, the radical anions are short-lived, due to the rapid neutrali zation reactions [protonation (5) and electron transfer (6) and (7)] by the positively charged sol vent counter ions, SH (H +) or SH'+, which are con comitantly generated by the radiolytic ionization process of the ether solvents SH. On the contrary, in the non-polar hydrocarbon toluene the form a tion of "gem inates" and solvated electrons es~ is strongly disfavoured. The very reactive "thermalized" electrons eth~, initially produced by radiolysis, recombine with the positive counterions SH'+ (SH = toluene) rather than being further sta bilized by solvation. As a consequence, when the solvent is toluene, solvent excited-state molecules SH* ( !SH and 3SH) are the prevailing species formed in reaction (la)*. Hence, the formation of the major transient 3( 1,2-DAE), observed in the pulse radiolysis of 1,2-DAE in toluene solution [spectrum (B) in Fig. 1 by energy transfer from electronically excited tolu ene and intersystem crossing [reactions (10) to (12)].
1,2-DAE in THF, DME and toluene containing NaAlH2(OR)2
As already previously dem onstrated [1, 2, 15, 24] , alkali metal aluminium hydride reagents, e.g. LiAlH4, N aA lH 4, or N aA lH 2(O R )2, can be used as scavengers for solvent radical cations SH'+ and solvent cations SH (H +) which in the radiolytic ionization of the ether solvents THF and DME are generated concomitantly as the counterions to the solvated electrons es~. Hence, in the presence of such scavengers in excess (>10_1 mol dm -3), solu tions of aromatic substrates can be radiolytically reduced to form stable and long-lived radical anion alkali metal cation pairs. Preference has been given to N aA lH 2(O R )2*, since this reagent offers the advantage of transparency and excellent solubility in various organic solvents, including toluene [2, 15, 25] . )° H c h 2-c h 2
NaAIH-(OR),
The transient absorption spectrum resulting from 1,2-DAE (5 x l0~4 mol dm -3) and N aA lH 2(O R )2 (1 mol d n r 3) in DM E [ Fig. 2 , spec trum (A)] exhibits maxima at 400, 560, 610, 680 (shoulder) and 720 nm. As it has been noticed al ready in the absence of N aA lH 2(O R )2, the tran sient spectra obtained from the pulse radiolysis of TH F and DM E solutions were almost identical. Except for a maximum at 400 nm, showing a somewhat differing behaviour of its kinetics, the spectrum is assigned to stabilized, pure (1,2-NaAlH2(O R)2 is strongly associated to higher aggre gates in toluene solution (n = 5 -1 7 in dependence on concentration and temperature) and forms mainly di mers in THF [25] . The association can be rationalized by the complexation of the sodium cation through the 2-methoxyethoxy substituents of the aluminate. The structure for NaAlH2(O R)2 is simplified by showing the complexation with only one aluminate.
D A E '-, N a+) radical anion/sodium cation pairs which are formed in the presence of N aA lH 2(O R )2 according to reactions (1), (2) and (13) The absorbance of (1,2-DAE'-, N a+) is about an order of magnitude higher than that of the 1.2-DAE'-species, measured in the absence of N aA lH 2(O R )2 [spectrum (A), Fig. 1 ]. The kinetic traces [inserts (A), Fig. 2 ] show on the shorter time scale that the formation of (1,2-DAE'-, Na+) is completed within 4 to 6 //s, and on the longer time scale that after a first very small decay the species are stable at least for several ms. Both effects, the drastic increase of the absorbance and the stability of the species, are attributed to the scavenger's capability of preventing effectively the decay re actions (6) and (7).
Using toluene as the solvent for 1,2-DAE and N aA lH 2(O R )2, spectrum (B) of Fig. 2 was ob tained. It has the same structure as spectrum (A) observed in DM E, but with only about half the absorbances. The kinetic traces of the inserts (B) resemble very closely those of (A) observed in DME. In contrast to the solution of 1,2-DAE in toluene without N aA lH 2(O R )2, where 3(1,2-DAE) was the m ajor species formed [ Fig. 1, spectrum  (B) ], the presence of N aA lH 2(O R )2 results in the complete quenching of the triplet absorption and the appearance of the absorption of the stabilized ion pairs (1,2-DAE'-, N a+) .
In the radiolysis of toluene solutions ionic spe cies such as "gem inates" [SH'+, e -] and free ions SH'+ and es-represent, as already discussed, only a minor part of the transients, and excited-state molecules are the dominating species instead. Hence the reactions (13) to (18) certainly are not well-suited to rationalize the role N aA lH 2(O R )2 plays in the radiation-induced formation of stabi lized aromatic radical anion/sodium cation pairs in toluene solutions. Based on our former extensive studies using pyrene as the substrate [2] , the fol lowing reactions (19) to (22) and (16) The main feature of this mechanism is the re duction of electronically excited toluene TOL* [!(TOL) and 3(TOL)] by N aA lH 2(O R )2 to give (TO L'-, N a+) which in turn acts as the reducing agent for 1,2-DAE [reactions (19) and (20)]. Additionally, or alternatively, the electronic exci tation might first be transferred from toluene to 1.2-DAE by either singlet-singlet or triplettriplet energy transfer, the excited-state molecules 1.2-DAE* subsequently being reduced by N aA lH 2(O R )2 [reactions (21) and (22)]. Owing to their longer lifetimes, the excited triplet state mol ecules 3(TOL) and 3(1,2-DAE) are assumed to be reduced preferentially by N aA lH 2(O R )2 resulting in the formation of the radical anion/sodium cat ion pairs (TO L'-, N a+) and (1,2-DAE'-, N a+). As in the scavenging mechanism [reactions (14) to (16) 
Steady-state radiolysis
The pulse radiolysis experiments have dem on strated that radiolysis of solutions of 1,2-DAE in THF, DM E, or toluene containing excess N aA lH 2(O R )2 generates the radical anion/sodium cation pairs (1,2-DAE'", Na+). These are longlived in terms of the pulse radiolysis time scale, so that 1,2-DAE is expected to undergo radiationinduced cleavage of the central benzylic C -C bond, similarly as it has been observed previously already in the case of 1,2-DNE [1] and 1,2-DPE [2] . In order to investigate the radiation-induced C -C bond cleavage of 1,2-DAE, studies under steady-state irradiation were also perform ed. The solvent was restricted to toluene, since the ether solvents DM E and especially THF had been found to be not completely inert under steady-state ir radiations in the presence of alkali metal alu minium hydride reagents [1, 2] . In a first series of experiments, irradiations using a 60Co y-source were followed by conventional UV/VIS spec troscopy. In a second series the final products ob tained from 1,2-DAE were investigated.
UV/VIS spectra
In a quartz cuvette of 1 cm pathlength air-free solutions of 2 x l0~4 mol dm -3 9-methylanthracene (9-MA) or l x l 0 _4mol dm -3 1,2-DAE in toluene containing 1.0 mol d m '3 N aA lH 2(O R )2 were ir radiated with a 60Co y-source (3.16 kGy h _l) at room tem perature. The UV/VIS spectra of the solutions were recorded at various time intervals simply by interrupting the irradiation and transfer ring the cuvette into the spectrometer. Fig. 3 com pares typical spectra in the range 300-800 nm ob tained for irradiation doses between 0 and 790 Gy (irradiation times between 0 and 15 min).
Before irradiation both solutions in toluene were transparent to light of wavelengths >410 nm and showed the well-structured p-band (or 'L b) of the anthracene chromophor with the typical 4 sharp maxima at 332, 350, 368 and 389 nm in the case of 9-MA [ Fig. 3 (A) ] and at 337, 354, 373 and 394 nm in the case of 1,2-DAE Fig. 3 (B) ]. On irradiation of 9-MA in the presence of N aA lH 2(O R )2 in toluene solution [ Fig. 3 (A) ] the intensity of the 9-MA maximum at 389 nm de creased steadily, while new absorption bands in creasingly developed at 452, 560, 609, 673, 700 (shoulder), 732 and 750 nm (shoulder). The de veloping UV/VIS spectrum closely resembles the reported spectra of the anthracene radical anion [21] and the spectra which were produced by pulse radiolysis of 1,2-DAE in DM E [ Fig. 1 (A) ] as well as in DM E or toluene containing N aA lH 2(O R )2 [ Fig. 2 (A), (B) ]. Hence it is concluded that the new absorptions belong to [9-Ma'_. Na+] which is the single major stable product formed from 9-MA by steady-state radiolysis of the toluene solution containing N aA lH 2(O R )2. In the case of the analogous irradiation-induced reduction of pyrene to its radical anion, the formation of
B
[pyrene*-, N a+] had been additionally confirmed by its EPR spectrum [2] . The EPR and UV/VIS absorption spectra had further indicated that the aromatic radical anion/sodium cation pairs, gener ated by radiolysis in the presence of N aA lH 2(O R )2, form mainly solvent-separated ion pairs even in the non-polar solvent toluene [2] , This has been attributed to the complexation of the sodium counterions through the 2-methoxyethoxy substituents of A lH (O R )2, which is formed from N aA lH 2(O R )2 in the course of the radiationinduced reduction [reaction (16) ].
The steady-state radiolysis of 1,2-DAE in tolu ene solution containing N aA lH 2(O R )2 differed from the corresponding experiments using 9-MA. On irradiation of the solution the band of 1,2-DAE at 394 nm decreased in intensity and initially some (1,2-DAE'-, Na+) is formed, showing max ima at 560, 609, 772, 687 (shoulder), 722 and 736 nm (shoulder) [ Fig. 3(B) , spectrum 1, obtained at a dose of 370 Gy]. However, on prolonged ir radiation of the solution the intensity of the spec trum of (1,2-DAE'", Na+) did not increase further as it was the case with (9-M A'-, Na+), but de creased again while simultaneously a new, som e what broader, absorption band developed at 420 nm [ Fig. 3(B) , spectra 2 and 3, obtained at doses 580 and 790 Gy, respectively]. Apparently, when the initially formed (1,2-DAE'~, Na+) reaches a sufficiently large concentration to compete with the starting material 1,2-DAE for the reducing species, e.g. (TO L'_, Na+), (1,2-DAE'-, N a+) is consumed by a consecutive reaction forming a fi nal species. (1,2-DAE2-, 2 N a+) can be ruled out as the species in question, since the blue anthracene dianion is reported to have an absorption band at 613 nm [21] , Also the benzylic sodium compound (9-anthryl)methyl sodium, which is the cleavage product obtained by alkali metal reduction of 1,2-DAE in ether solvents, has to be disregarded, since for the corresponding potassium compound [(9-A)CH2-, K+] three absorption maxima at 470, 675 and 720 nm have been reported [8] 
(
The reaction between 1,2-DAE and the reduc ing species, e.g. the toluene radical anion/sodium cation pair (TOL*-, N a+) in the case of tolueneor, when the solvents THF or DM E are used, the sodium cation/electron pair (Na+, es~) -leads to the radical anion and consecutively to the dianion [reactions (23) and (24)], the latter being able to undergo the cleavage reaction (25) yielding two (9-anthryl)methyl anion/sodium cation pairs. These form sodium aluminate salts [reaction (26) ] with A lH (O R )2 generated in the reduction of elec tronically excited toluene or 1,2-DAE [reactions (19) , (22) and (16)] as well as in the scavenging reactions (13) to (16) . Since the aluminium-carbon bond is covalent in character [27] , the species [(9-A)CH2A lH (O R )2-, Na+] is expected to pos sess UV/VIS absorptions not at essentially longer wavelengths than those exhibited by a 9-substituted anthracene unit. The absorption maximum at 420 nm observed on prolonged radiolysis seems to fulfill this expectation. The proposed assign m ent of the final species is further supported by the product studies (see below).
Product studies by steady-state irradiation
For product studies, solutions of 5 x l 0 -4 mol dm -3 1,2-DAE and 1 mol dm -3 N aAlH2(O R )2 in toluene were irradiated with 60Co y-rays (13.2 kGy h r 1) for ca. 1 to 30 min, respectively. The ir radiated solutions were hydrolyzed to decompose the organometallic species present and the excess of N aA lH 2(O R )2, then extracted with toluene, and the toluene extracts analyzed by GC via added standards («-tetradecane and n-docosane). Fig. 4 shows typical product-dose-curves obtained by plotting the product yields versus the applied dose.
A part from the starting m aterial 1,2-DAE, the product from C -C bond cleavage, 9-methylanirra d ia tio n dose [kG y] thracene (9-MA), was the only significant product detected by GC. On prolonged irradiation 1,2-DAE was consumed steadily, and, after a dose of ca. 6 kGy had been applied, more than 90% of the compound were decomposed. The yield of 9-MA increased steadily up to 65% [wt. % of the total material as determ ined by GC via the added stan dards]. However, it must be emphasized that 9-MA results after hydrolysis. In the case of the cor responding irradiation-induced cleavages of 1,2-DNE and 1,2-DPE, this has been unambiguously proven by decomposing the irradiated solutions with [D] ethanol, whereupon [D ,]-l-m ethylnaphthalene and [D^-l-m ethylpyrene, respectively, were identified by G C -M S [1, 2] . Hence, one must conclude that, similarly to the cases of 1,2-DNE and 1,2-DPE, the primary cleavage product of 1,2-DAE is an organometallic species which contains the (9-anthryl)methyl carbanionic fragment C i4H 9CH 2-, referred to as (9-A)CH2-. The prod uct studies and the above UV/VIS spectroscopic arguments led us to propose [(9-A)CH2A lH (O R )2~, Na+] as the cleavage prod uct, from which 9-MA is released on hydrolysis; 
Conclusions
The radiation-induced C -C bond cleavage of the ethano link in 1,2-diarylethanes by means of aluminium hydride reagents has been studied us ing 1,2-DAE as the substrate, after previously al ready 1,2-DNE and 1,2-DPE had been investi gated. The anthracene chromophor turned out to be excellently suited for pulse radiolysis studies since its absorption range enabled the detection of the transients not superimposed by absorptions of the N aA lH 2(O R )2 present in high concentration. Furtherm ore, the well-documented UV/VIS spec troscopic properties of the anthracene radical anion, dianion, excited triplet state molecule, and of 9-anthrylmethyl potassium (9-ACH2_, K+) pro vided a safe basis for assigning the transients. Hence, new evidence could be given in support of our previous proposal that N aA lH 2(O R )2 is op erating according to two different mechanisms in the polar ether solvents (TH F or DME) and in the non-polar solvent toluene. Product studies through steady-state radiolysis (60Co y-rays) of solutions of 1,2-DAE in toluene containing N aA lH 2(O R )2 resulted in symmetric C -C bond cleavage of the ethano link, yielding after hydroly sis up to 65% 9-methylanthracene (9-MA). It is very intriguing that in the N aA lH 2(O R )2-toluene system polycyclic arenes are reduced by unselective excitation with ionizing radiation to form very selectively their radical anion/sodium cation pairs, and that on prolonged irradiation in this system the radical anions of 1,2-DAE and other 1,2-diarylethanes are further reduced to dianions which are capable of undergoing a selective C -C bond cleavage reaction. In our view, the appli cation of radiation chemistry to non-aqueous or ganometallic systems might offer new potentials.
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